Abstract. After one decade form gravitational microlensing experiments, hundreds microlensing events in different galactic directions and 13 to 17 event (depends of quality) toward Magellanic clouds have been found. One of the central relation in microlensing experiments is between optical depth as a model dependent parameter and the rate of observed events. Here, we redo the calculation of optical depth and the rate of events and correct this formula. In the Evans galactic model we obtain the rate of events with hundred percent efficiency in observation and compare it with output of former microlensing rate relation.
Introduction
Studying the rotational curve of spiral galaxies gives an evidence for existence of dark matter (Faber & Gallagher 1979; Trimble 1987) . Recent results of optical and 21 cm bands observation shows that for the thousand of spiral galaxies, the Keplerian rotational velocity remains constant ( Persic et al. 1996) . X ray diffusion emission in elliptical galaxies and dynamics of cluster of galaxies also shows that there should be a halo structure for spiral galaxies. There is a lot of candidate for the dark matter in galactic halo. Cold dark matter like Axions and Supersymmetric particles could be one of these candidates. However simulations shows that there is a discrepancy between expected rotational velocity due to cold dark matter of halo and observed velocity curves (Moore 1994; Navarro et al. 1996) . In the case of baryonic dark matter, Big Bang nucleosynthesis models gives Ωh 2 = 0.02 ( Copi et al. 1995; Burles & Tyler 1998) while measuring the mass of luminescence stars obtain Ω lum of universe about 0.004 ( Fukugita et al. 1995) . Ω B ≫ Ω lum , gives an other evidence for the existence of baryonic dark matter. This type of dark matter could be in the form of Massive Astrophysical Compact Halo Objects (MACHO) that due to their light mass, they are obscure. The pioneer work of using gravitational microlensing technique for detection of MAHCOs was proposed by Paczyński (1986) . Since his proposal, microlensing searches have turned very quickly into reality and some groups like AGAPE, DUO, EROS, MACHO, OGLE and PLANET have started to do this experiment. During this decade, the final results of experiments compared with the theoretical expected results for the fraction of halo made of MACHO objects. It is clear that the conclusion about the contribution of MACHOs in dark matter strongly depends on galactic halo model. The most general model for the halo of spiral galaxies that interpret Keplerian rotational curves, has been given by Evans (1994) . Using these models in interpreting gravitational microlensing experiments evaluate the mean mass of MACHOs and their contribution in the halo structure as a function of halo models. EROS collaboration put a strong constraint on the fraction of halo made of objects in the range 10 −7 M ⊙ , 4M ⊙ , excluding at 95% C.L. that more than 40% of the standard halo be made of objects with up to one solar mass ( Spiro & Lasserre 2001) . The analysis of 5.5 yrs of LMC observations by the MACHO group also estimate that the halo mass fraction in the form of compact halo objects is about 20% percent (Alcock et al. 2000) . In this work we recalculate the relation between optical depth as a theoretical output of problem with the rate of event that can be obtained from a microlensing experiments. A corrected relation is given and compare with, what can be found in the literature. we apply this relation to find the rate of events for the Evans halo models and compare it with the using former formula. It is seen that there is a big difference in the rate of events, depends on the modified or former formula for the rate of events. The organization of paper is as follows. In Sect. 2, we introduce the basics of gravitational microlensing and obtain modified relation between the optical depth and the rate of microlensing events. In Sect. 3 we introduce Evans model for galactic structure and Sect. 4 gives the rate of microlensing events for eight different galactic models toward Large (LMC) and Small (SMC) Magellanic Cloud with 100% efficiency in observation.
Basics of gravitational microlensing
In this section we present the main feature of gravitational microlensing and in particular, we obtain relation between optical depth and the rate of events, for review see ( Paczyński 1996; Roulet & Mollerach 1997; Gould 2000 ; Jetzer 1997 ). According to general relativistic results, a given light ray bends near a massive star. A considerable gravitational lensing occur when the line of sight between us and a background star pass enough near a lens. Since the deflection angle in the case of microlensing is too small, it is impossible to distinguish two images that are produced due to the gravitational lensing. The effect is only magnification of background brightness. This magnification is given by
where
is the impact parameter that is normalized to Einstein Radius, defined by
Dos and, D ol and D os are the distance between lens and source from observer, respectively. Definition of an event is given by constraint on maximum magnification with A max > 1.34 or in other words u < R E . One of the important parameter that can be used in gravitational microlensing experiments is called optical depth. Taking a snapshot from background stars, the probability of existence the background stars inside Einstein Radius of MACHOs along the line of sight is the definition of optical depth and can be obtain by:
where, ρ(x) is the density of MACHOs. One can use a given galactic halo model with an arbitrary MACHO contribution for halo to obtain optical depth. It is seen in Eq.(3) that optical depth is independent from mass of MACHOs and it depends only on the density distribution of matter. The observable quantity that corresponds to theoretical optical depth denoted by Γ, rate of events per year per observed background stars. The expected number of events can be obtained as follows:
where, T obs and N bg are the monitoring time and the number of background stars respectively. One can also talk in the term of exposure time (T obs × N bg ). v t (x) in Eq.(4) is the mean transverse velocity of MACHOs with respect to the line of sight and obtain by velocity distribution function f v (x), as follows:
where, the distribution function is normalized to one. The first term in the right hand side of Eq.(4) represents the ratio of spanned tube by a MACHO to the projection of background stars zone on the deflector plane, call it A(x). Second term in Eq.(4) denotes the number of MACHOs inside x and x + dx and the last term shows the number of background stars. By definition of dΓ = dNexp(x) N bg T obs and using Eq.(5), the rate of events can be given as follows:
where, ǫ(t E ) denotes the efficiency of observation and in general case it could depend on all the parameters of microlensing event. We simplify the dependence by averaging over the u 0 , t 0 and stellar magnitude to obtain efficiency as a function of Einstein crossing time. By substituting Eq. (3) in Eq. (6) and using the definition of Einstein crossing time t E = RE vt , relation between the rate of microlensing and optical depth can be obtain as follows:
In the right hand side of Eq. (7), the value of integral is equal to the mean value of ǫ(t E )/t E . Rewriting Eq. (7) yields:
We take integral with respect to x, relation between rate of events and optical depth obtain as follows:
It should be mentioned that the rate of events is proportional to mean of inverse Einstein crossing time. This result is in contrast with the previous works that give the rate of events to be proportional to inverse of mean Einstein crossing time(Γ ∝ 1 tE ). This point may give a correction to the results of MACHOs contribution in galactic halo. In the next section we introduce Evans model for galactic halo and calculate the rate of events with 100 percent efficiency in observation.
Galactic models
As we mentioned in the last section, to calculate the rate of events, it needs to know the density distribution as well velocity distribution of MACHOs. According to classification of galactic structure into three different part of bulge, disk and halo, our aim is to obtain the contribution of each elements in the optical depth toward the line of sight (LMC and SMC) and the rate of events. Since the contribution of bulge on optical depth toward Magellanic Clouds is negligible, we ignore it in our calculation. In what follows we interpret structure of disk and halo.
Galactic disk
The density profile of Galactic disk can be given by a double exponential in cylindrical galactic coordinate system (R, z) as follows ( Binney & Tremains 1987) :
where R d ∼ 3.5kpc is in the order of radius. h and Σ ⊙ represent the thickness and column density of disk respectively. In our analysis we consider two type disk which are called thin and thick disk models. For the thin disk which is made by the population of stars and gas, column density and thickness of disk near the sun is about Σ ⊙ ∼ 50M ⊙ pc −2 and h = 0.32kpc. For the case of thick disk, dark matter contribution also is taken into account. In this case, we choose Σ ⊙ ∼ 100M ⊙ pc −2 and h = 1kpc. The rotational velocity of disk also can be given by ( Binney & Tremains 1987)
where y = R/(2R d ), I n and K n are modified Bessel functions.
Power law halo model
The largest know set of axisymmetric models with simple distribution functions are called the "power law galaxies". The density of halo in this model is given by:
where R 2 = r 2 +z 2 , R c is the core radius. q is the flattening parameter, which is the axis ratio of concentric equipotential. q = 1 represents a spherical (E0) halo and q ∼ 0.7 gives an ellipticity of about E6. The parameter of β determines whether the rotational curve asymptotically rises, falls or is flat. At large distance R in the equatorial plane, the rotational velocity can be given by V circ ∼ R −β . So β = 0 corresponds to flat rotational curve, β < 0 is a rising rotational curve and β > 0 is falling. The parameter V a determines the overall depth of the potential well and hence gives the typical velocities of MACHOs in the halo. The velocity dispersion for the MACHOs has been obtained by Evans (1994) for different halo models in cylindrical coordinate system as follows:
Since we need the distribution of velocity in lens plane perpendicular to the line of sight, we take integral along the line of side to obtain its distribution in the lens plane. Simple Maxwell velocity distribution in three dimension gives as follows:
Taking integral in direction perpendicular to the lens plane yields transverse distribution as follows:
In the next section we introduce different power law models and obtain the rate of events in these models.
Rate of events in power law models toward LMC and SMC
In this section after introducing different galactic model, we obtain the rate of events with 100 percent efficiency in observation. In reality, one should take into account the realistic efficiency of observation. Efficiency for a given experiment can be obtained by using Monte-Carlo simulation, considering all the elements of experiment. Using efficiency in Eq. (9), one can obtain the expected gravitational microlensing event rate for an experiment. Finally by comparing the number of observed events with the number of expected theoretical events, we can conclude about the contribution of MACHOs on the dark matter of halo. Here in our study, eight galactic models are ( Alcock et al. 1995; Renault 1996; Palanque-Delabrouille 1997 
We use MF of galactic disk by using HST observational results ( Gould 1997) . Table 2 and 3 shows the optical depth and correspondence rate of events for each galactic models toward LMC and SMC for 10 7 background stars in one year and 100 percent efficiency in observation. Γ represents the rate of events for the each components of galaxy and Γ ′ denotes the rate of events, taking former formula for the rate of events (the rate be proportional to the inverse of mean Einstein crossing time). It is seen that according the Eq.(9), Table 2 and 3 give a big difference between our results and using former formula.
Conclusion
In this work, relation between the rate of microlensing events and the optical depth has been recalculated and compared with the formula that can be found in the microlensing literature. We redid calculation and showed that the rate of microlensing events is proportional to mean of inverse Einstein crossing time (Γ ∝ 1 tE ) instead of inverse mean Einstein crossing time (Γ ∝ 1 tE ). This correction can change the number of expected microlensing events rate for a given halo model. Using Dirac mass function of halo and Mass function of disk, we obtained the rate of microlensing events for 100% efficiency in observation. It is seen from the Table 2 and 3 that numerical difference between these two formula is considerable and it seems that microlensing experiments groups should taken into account this correction in evaluating the rate of MACHO contribution in the galactic halo. 
